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SECTION 1. 


uec ld 


Project AQUARIUS iv å part vf the ARPA sponsored ocean 


| 


surveillance program under Project MAY BELL. The primary guats of 
Project AQUARIUS are tv experimental, demonstrate the feasibility 
uf detecting veth suumaring launched batlistic missiles and Jow-flying 


aircraft and to compare the experimentally 


served detection reges Lo 
toeurctically predicted detection ranges. The experimental set-up 
consists uf using a Listatic HF continuous wave radar with low power 


ocean based buy, transmitters and high sensitivity receivers located on 


the coast. А detection is made by ovserving the doppler shifted signal 
that is scattered from moving targets. In tnis particular experiment 


the tar et ie illuminated by Ппс-ш-әзгіп or round wave energ, fron 
the tr 


aminer. The scattered doppler shifted target return is received 


by an ionospheric sky-wave as illustrated in Figure І 


There has Leena continuing requirement for this type of Sunk 
range detection uf small targets since a Cuuan pilot flying & MIG 
penetrated Lie U.S. radar network und was first spotted by the alr 
controller at the Miami airport. 


The experimental results of the controlled aircraft tests bave 
been fairly encoura ап. and indicate that lung range aircraft detection bs 
pussille using thie low puwer vistatic radar concept, There appears te 

ve а (air agreement between the predicted detection reciuns and tne renons 
for which tne aireraft has been detected. During a total of three controlled 


aircraft tests, four detections have been made, two uf which are detect 


of the controlled aircraft. However, during one period, that uf 18 December, 


the detected aircraft does not appear 19 correspond in tine or location with 
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That of the controlled aircraft, Nis surmised that these 


deLections were of an aircraft [vina near the reverver rather Wan tre ІП 1 
transmitter i 


1.1 у нї Repor. Orvamzetion, 


I 


ection 2 of 


Fis report the sasic technique and the hardware 


being ellas ed dor these teste are descri 


ed. fue nani geometry, 


tra 


ustter and rereiver configuration, ¢alivration techniques, propagation 


сайсМанипь, and а description uf u 


propagation program are given in 


thin section. Section 3 contains the descripti: 


n of the detection prediction 
ut Poisedon launchine» from Саре Kenend, using tne buoys located 
approximately 100, 220 and 300 kin from the launch area, For that 


particular geometry and tue ranyes involved. it is observed that ine 


prubabilit, vf detecting ar SLBM å» virtuall зәрі е until the tara 


rives into the ionusphore and arquires a wulstantiall, enhanced cross 


wection. Secliun 4 cuntain 


а description uf tac cvrarvlled айгсгай teste, 


flight plans and the detection ubrervaticas made. Albu, in this section ix 

a tavulation of predicted and wuserved carrier strencths and nurse levels. 
The purpose oi these comparisons is to ovserve with what геам; there 
parameter» can be predicted wath the object of accurately predicte аўса 
performance, Finally, Section 5 contains a sumuary uf the prolem 


and the ныне results vutarned to dale. 


00 SEC TION 2. y T 
EQUIPMENT AND TECHNIQUES ИЛ n н 


Due to the nalure and the ume frame vi Мак projec. ull uf the 


L. да! 


data collection hardware has neen obtained ву маны: equipment deve 


ty ether Froject MAY BELL perüiriponte or io using hardware aeveluped 
for other programy. Ruth te hun and ine CW Wansmitter» at Carter Cay 
used in these testa, are alsv ured for the grounduave mea»urernente whit» 
Raytheun is conducting. The recetvine system in usc belong» to toe LSASA 
field slatiun located at Viri Hill Farms Stetien, Va. and consists of a 

linear disposed antenna атгау and анд «саад HF. receiving fer er 


equipment, 


Two difterent types of transmitters have been used ээ Lav s-perinent 
to date, Those teats conducted priur të Decemuer useda suuy mounted 
Vransoniiter of approximately 10 watts radiating at 5.8 and 9.257 МН. 

The antenna on the uwy consists vi a tepeleaded vertical mvnopole cut 

for a quarter wave length at 7,5 Mile, This Luus wa» anchored uli the 
солға of Florida approximately 120 kilometers down rangs end at an атан, 
of 113 degrees from Cape Kennedy, Ihe tests conducted in Janvary and 
Feb ‘ua. have used ine CW transmitter» un Carter Сау. The power vf 
tese CW transmissions bas ranged fron: 10^ watts up to 2. 3 kitowatts 
depending прив time and the particular trananiter in мае, АШ of these 
transmissions radiate into quarter wave Vertical monupoles cut for the 


fruguerey in use, 


| (ШИ БОН 
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2,2 Я Receiver Site Characteristics. 


Two separate receivine systems have been used al (he receiver 
site located at Vint Hill Farms Slation. One receiving system ir å van 


unte? 1 


gh dynamic range digital processing syster containing së 


synthesizer controlled verelvera (Sylvania K- Eta receivers 


digital spectrum 
analysis” using к CDC 1700 general purpose computer and both analog and 
digital PCM recording capability. The second receiver system is located 

in two back-to-back house trailers, and consists of а DF set cunnecied to 

an LDAA steerable beam antenna and 12 aralog rereiving channels using 


NGSOA receivers, The R390A receivers connect to both a real time 


analog spectral display and a 12 channel analog tape recorder. The block 


dia rame vf there two receiving seems are shown in Figures 2 and 3. 


Receiver Зуусан Calibration. 


One of the more important goals of this project is te be able to 
predict ine detection performante of the buoy tactical early warning pyeteni- 
Thus, il 1s desired Lo compare predicted signal and noise values to actual 
measured date, Then, if there exist significant discrepancies between the 


actual and voverved data, the predictins must be modified to currect 
this difference. 


The standard calibrations that are performed on the system are to 
measure the received carrier strengtn and also the received noise power 


referenced to а | Hertz bandwidth 


Toc process of measuring the received 

, carrier strength is a simple procedure of comparing the receiver IF output 
signal level when it ie connected to the antenna, 10 the IF өмірі tevel when , 
the receiver is connected to a synthesizer having the same HF frequency as 

the carrier signal being measured, The average IF output level fur that 


— 
T Digital Spectrum Analysis not available after January, 1970 due to 
termination of the computer lease. 
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particular carrier signal ia noted, Then the synthesizer at the same 


frequency Ls input to the antenna terminala and the output amplitude 
adjusted until the receiver IF output signal strength is the same. The 
synthesizer signal level is then measured, and converted to db with resect 


toa wall, Thus this signal substitution method gives ine received carrier 


strength in daw and ja measured within the narrow IF receiver bandwidth, 


The dcterminction of the noise level at frequencies near the carrier 


is done by AM modulating the on-air carrier si 


al with an audio frequency 
square wave using å very small percentage modulation, The amplitude 


of these modulation tones ів observed at the output of the real time spectrin 


analy: reduced until the 


display. The modulation percentag 


modulation tones disappear into the background noise of the display. 


Since the modulation percentage is easily converted to signal level in db 


below the carrier and the spectrum analysis bandwidth is | Hz, then the 
relative carrier-to-noise power is directly obtained referenced to а I Hz band» 
width, Thus, if the calibration tone disappears into the noise at a level 

of 64 db below the carrier, it is assumed that the noise value is also 61 db 
below the carrier value. [his carrier-to-noise ratio is then added to the 


received carrier strength Lo obtain the measured noise power in dbw per liz, 


Propagation Prediction, 


The propagation prediction program used to cetimate the system 
performance basically combines a modified version of the ITSA/ESSA HF 


propagation prediction program for mode and mode amplitude prediction; 


the bistatic radar range equation to predict the received scatter path power; 
and an ITSA/ESSA noise prediction program to estimate atmospheric. man 


made, and galactic noise at the receiver site. 


[дй 


The prediction program package consists of individual computer 


2.4 


programs thal (a) compute а target trajertory,(b) predict propagation mode 
structure and mode amplitude; and (c) prediet the Doppler and missile 


eroshtsection. T 


Che trajectory simulation program estimates the missile or 


aircraft trajectory based upon filing the 


ht profile to š functional form 
using а least-squares fit technique. The required inputs to generate the 
model profile are Liftoff and burnout tines, launch azimuth, apogee, and 


range. The propram then computes altitude, range. la 


de, longitude, 
velocity, the speed of sound, Mach number, Mach angle, local target 


bearings, local targe: elevation angles, ard acceleration, The computed 


Parameters serve ав inputs to the propagation prediction program to 
determine mode structures with å time varying terminal point on the 


trajectory. 


“The ITSA/ESSA prupagation prediction program has been modifiez 
to allow for non»congruent hop structures and for propagation to and 
reflection from a point above the carth. The program predicts the mode 
mructures that meet ionospheric propagation conditions on each of the 
three putns: the direct path, the transmitier-target halt path, and target- 


receiver half path, In addition, the propuyation losses and antenna pains 


for each mode are determined. For cach made predicted on the transmitter- 
missile half path, an "incident" (at the target} elevation angle. measured 
from the legal horizons is found, Fer cacn mode predicted on the target- 
receiver half path, the "scattered" elevation angie is also found, These 
parameters are thon used with а modeled profile to predict Doppler 


frequencies, 


9 


Propagation predictions arc based on empirically derived 


world» 


ide numerical maps of vertical ionosonde data. The results are 
monthly ionospheric coeficients which can be used with the parabolic 


layer assumption (parabolic electron density variations in the E ard F layers) 


to predict monthly average ionospheric conditions affecting a specilic ray 


path at any haur of the day. 


In the prediction model, all line of sight, E and F propagating 
modes are determined between the transmitter and the target, between the 
receiver and the targel, and between the transmitter and the recciver, The 
determination of these “half paths" is à generalization of the ground-to- 
ground prediction technique to include the case of ground-to-elevation-point 


predictions. 


After the mode structures tnat meet the ionospheric conditions are 


identified, (those between horizontal screening and ionospheric penctration) 


propagation losses and antenna gains are determined. The losses calculated 
are free space loss (inverse square law), D-layer absorption loss, and ground 
reflection loss, The NBS empirical adjustment factor is included on the 
direci-path predictions to account for non-caleulated losses. This factor 
is statistical and varies with season, path length, and earth location of 

the path, No similar adjustment factor is used or krown for the half paths. 
The antenna types are apecified for the system and the appropriate gain 
routines or pain tables are used. 


The target scattering model for missile targets above 100 km is 
а hyperboloid compresved-ambient ionization in the exhausteplume bow 
ahock wave. The shock-wave scattering surface is considered hyperboloidal 
from photographic observations which have shown that the shockewave surface 


could be described by a second order function and that the shot k- 


surface should be asymptotic to the Mach cone. 
-16- 


The direction of the rays for the transmitter -missile and receiver - 
missile propagation paths uniquely define a plane tangent to the hyperbelaidal 


surface which has the proper orientation for a reflection, provided ihe 


incident ray encounters a high enough electron density for reflection, ¢ 


Since litile definitive work has been done to accurately mode! 
missile cross sections below 100 km or aircraft cross sections at HF, а 
constant (adjusiable] eros- section is used for aircraft and missile targets 
below 100 km. 


The antenna gain patterns for both the monopole transmitter 


antennas 


nd the LDAA receiving antenna are part of the program. The 
gain pattern for the LDAA was obtained frorn data supplied by ITT by using 


azimuth pattern» predicted by the array factor technique for 16 monopole 
elementi 


and the elevation patterns from scaled model measurements. 
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je bei TED SYSTEM PERFORMANCE (С) 


Propagation calculations to predict systen: performance using at 
modified version of the ESSA skywave propagation program described in 


the previous 


ection have been møde for both the direct and the scatter- 
paths between the receiver site at УНР, and the buoy transmitters off 


the Florida coast, The purpose of these calculations was to estimate the 


feasibility of detecting SLBM missile launchings from Cope Kennedy and 
controlled aircraft targets using the geometry previously established of 


buoys at ranges of 100, 200 and 300 km {zom Cape Kennedy. 


Missile Detection Performance, 


"ions using the computer predictions were 


performed. The receiving antenna at Vi 


m НІШ Farms Station used for all 
texts is а tulip olement LDAA built by ITT with an assumed maximum pain 
of lë dbi. А constant scattering ercas section of 100 më was assumed for 
the missile at all altitudes below 100 kun. At altitude» above 100 km the 
bigtatic cross section was modelled using э hyperboloid compressed ambient 
shock surface. ТМ неволе cross section then changes from Hom at low 
altitude to values of 10" to 105617 above 100 km, The three buoy tranimitter 
locations are at 100, 200 and 300 km directly down range from the 105* 

Cape Kennedy launch azimuth, The Carter Сау transmitters arc approximatel 
285 krn down range at a 123° azimuth from Cape Kennedy. The transmitted 
frequencies for the buoys were the presently assigned values oí 5.8 and 

9.295 MHz, These frequencies, plus frequencies of 15 and 20 МНЬ were 


assumed for the Carter Cay transmittere, The bucye were assumed to have 


EI 
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pa power ef 100 


Similarly, the Carter Cay framemittërs were assumed to be radiating > kv 


into monopole antennas. 


Tables 1 through 5 summarize the results of the propagation p 


calculations, Tables 1 through 4 show target signature-to-noise-ratio and 


carrier-to-signature ratio. 


Because of the iow power und ruiaiirviy 148 


frequency fre: 


the buoy transmitters, the signal-to-noise ratio i» almost 


always negligible Below 100 km for any time of the day for either frequency, 


Only above 190 km with the enhan 


ed largel eros» section does there appear 


to be any 


ibstontial chance of detection usine the buoy transn 


meri 


However, with the Carter Саў transmitter using 5 kw and transmitting on 


frequencies near the MUF as shown in Table 5 the 


nature-to-noise rativ 

and thue the probability of detection at even low attitudes is quite substantial. 
In fact, there arë many cases for which the signal-to-noise rano eng c 2” 
15 db. 


Thus, if the high power Carter Cay transmitters continue to operate 
aud transmit өн drequencies near the 1F hop MUF between Carter and VHFS 
then low altitude SLBM detections in the afternoon should be possible, 


Aircruil Detection Are: 


Ev 


Vn though the probability of detecting SLUM launching» from 
Cape Kennedy ін quite law (duc то the relatively long range from the buoy 
10 the target) it is imporlant to determine whether or not aircraft flying 
controlled patterns near the buoys and Carter Сау can be detected, À w 


to evaluate this and to clearly display the results i» to compute expected 
detection regions around the transmitter position, Variables that must be 
considered when calculating detectability regions are Listatic geometry, 
frequency, transmitter power, larget cross section, skynave hop structure, 


sea state, local time of day and noise lev 
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j median values for 
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Table 2. 


ҮС) Predicted System Performance for November, 1969 
for Dupy 2 at 200 km Hange froni Cape Kennedy (С) 
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Table 3, 


(U) Predicted Syktem Performance for November, 1909 ^ 


9,259 5.5 4.259 5.8 9.259 5.8 9.259 5.8 Frequency ( 


for Buoy 3 at 300 km Range frem Cupe Kennedy (U) 
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Table 4. 


ОЛ Predicted System Performance for November, 1909. 
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5 этчу: 


p R icu 


ble ata time, 


Til ihe variables and changing the values of a single va 

regions where detertions аге most likely to occur can be generated, as well 

ax obtaining an understanding of how a particular variable affects Ihe overall 
М 


detec 


n arca. 


Deteaability regiona have been calculated for various irequencics, 
hop structures and noise levels using a buoy located 127 km from Саре 


Kennedy as the transmitter and VIFS, Va. ав the receiver, А sea state of 


8, transmitter power el 80 watts, groundwave propagation {rom transmitter 
vo target and skywave propagation from target to receiver алда required 


signal to noise ratio of 3 db have been assumed. 


The following technique in applied to find the area of detectability 


From the radar range cquation 


La 1er tor” Or” 0 bio і 
нээ total lose 

Lap o^ spreading loss from transmitter to target (db) 

bn spreading los» from target to receiver (db) 

Gp > gain of the transmitter antenne (abi) 

iz . pain of the receiver anioner цаў 

o = cross section of target in m 

Хх = wave Length 


ere 


Gy In and 10 log are known and Ly is calculated by assuring а 


value for atmospherie noise, adding to it the transmitter power and the 


required 3 db signal-to-noise ratio, Substituting the calculated value for 
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3.2 


L into the equation, is calculated. 


Lir Ёва By taking the total spreading 
Joss, subtracting the loss contributed by the D layer loss and skywave 
propagation loss from target to receiver, a value for the spreading loas in 
the target-transmitter leg is obtained. This los» 36 the propagation lors 
incurred by a proundwave and can be converted to the range required for 

this loss to occur using Barrick's) groundwave transmission loss tables. 
This technique was used to calculate the detection «res around the transmitter 
for various frequencies and atmospheric noise conditions. The results of 

the detection area calculations are tabulated in Table б and a vertical 
projection of some of the regions onto the ground is shown in Figure 4. 

The reason for the egg-like shape is that the area boundary is the locus of 


points such that the product RR, is equal to a constant, 


Referring to Figure 4 we ace that the largest area of detection 
for 2F hop c 


es for both 5.8 and 9.259 MHz, as compared to ve IE пор 
situation, This is because there is substantially less D-layer loss for 

the 2F Һор mode than lhe LE hop mode duc primarily to the differant path 
lengths in the D-repion itself, With higher modes the incident angle through 


the D-layer is higher, thus the loss on these paths due to D. 


yer absorption 
is smaller, For the 2F hop modes the region at 5, 8 MHz 18 larger than 
tne region at 9.259 MHz. This is duc 10 the fact that the loss on the RI 


puth is smaller at lower frequencies because the spreading loss is directly 


proportional to the wavelength and as one would expect the larger region 
for detection exists for the lower frequency. However, on the IE modes 
же find the situation is reversed, the higher frequency 18 also the larger 
area of detection. Th 


18 because the D-layer loss on the 5.8 MHz 
frequency {а substantially more than the D-layer loss at 9.259 MHz and this 


overcomes the groundwave propagation advantage at the lower frequency. 
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Figure 4. (U) Sample Detection Regions (U). 


Table 6. 
(U) Summary ef Detection Region Caleulations {U} 


к 
Жұ ізтізд p- к, Atmos 
Freq Hop R) Los sion Sayer Less Noise 
MHz Structure Km db ES Loss dh db dow 
5.8 ік ы ы — 21.7 48.5 102.2  -180ib| 
5.8 ar 67 29.1 291.7 30.4 102.2 — -1800B) 
5.3 Е 10 59.5 195.7 м 102.2 -53М) 
9.259 JE 34 80.1 210.7 21,9 108.7 41124081 
9.259 2F 48 86.2 210.7 15.8 108,7  -172(B) 
9.259 1E 44 84.7 208,7 15.3 108.7 ©169{M) 
i 9.259 ir 65 90.8 208.7 9.2 108.7 — =169(M) 
15.00 ir 60 101 216.9 40 112 «замі 
1500 ЭР 67 103.6 221.5 5.9 иг EE] 
20,0 ır 6% 113.9 231.5 3.1 114.5 — -1860B) 
20.0 IF 66 113.6 230.1 2.1 114.5 1680 


B = Best noise cast 0800-1200 Local Time 


M = Medium noise case 1600-1200 Local Time 
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Ф T МОНИЙН 
2.2 e Continued. EN iil 


From Table 6 we see that the detectability radii (Ry) tend to 
Increase with increasing tranamitted frequency. However, once the 
frequency increases to approximately 15 MHz, the R, spreading losses cancel 
the effect of decreasing D-layer loss and decreasing atmospheric noise зо 
that the growth ef the detectahility region virtually stops, Note that the 
detectable radii are approximately the same for 15 and 20 Villa. It ів 
also observed that varying traramitier power and trenamitter or receiver 
antenna gains have the same effect on the size of the detectability regions. 


That is a db of gain or 10 


whether generated from varying transmitter 


power or antenna gain entera the radar vange equation In the same жау, 


TË 


ASSI] 


(9) SECTION 4. 


) DATA ANALYSIS (U) 


In ship section, two events involving a controlled airerait Might 


of a Navy РЭБ aircraft and two propagation measurements betweersCarter 


Cay and VHFS arc presented with their specific geometry, predicted and 
measured results and conclusions derived [rom the results. Those 
oprrations are summarized in Table 7 and a map of the network geometry 


із shown in Figure 5. 


Event Ton 18 December, 1969, involved в Navy РЭВ aircraft 
fying at an altitude between 300 to 600 fect, speed between 200 and 400 
knots and used the buoy transmitter located 120 km from Cape Kennedy on 
an azimuth of 1139, The flight path of the aircraft, along with time (GMT) 
le shown in Figure 6. The receiver location for this event, ав with all 
Aquarius events, was VHFS, Virginia. The two buoy frequencles of 5.8 
and 9.259 MHz were monitored by the receiver. А signature detection was 
made on 5,8 MHz between 1750-17552 and 20002-20052. The propagation 
conditions are summarized below: 


Table 7 (U) 
Event | Summary (U) 


Calculated 


* + Frequency — Carrier Noine Transmitter Detection Hop 
(MHz) Level(dbw) Level (dbw) Power (W) Байы fem) Structure 


4% 160 10 3 ЗЕ 
5 2F 
9.255 +130 +151 2.5 n IF 


1E 


Rol Айдон im 


VINT н. 
FAM STATION 


me tun 


Ld ne 


Figure 5. (U) Network Geometry (U). 
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Table B. 


ПЛ Summary ef Operations (0) 


MEASUREMENT OR 
FREQUENCIES DETECTION TIMES 


EVENT _ DATE IYPE MHz] CMT) * 
1 is Dec s AC 5.8 1750-1755 
2000-2005 
AC 9.259 ND 
АС 10,167 ND 
2 2732110 AC 15.595 1656 
3 27Jan70 AC 10.167 1712 
4 $ Feb 70 HB 20.250 ғана 
HB 10.167 71500 
HB 10. 167 2100 
HB 20.250 ~2100 
5 10 Feb 70 HB 9.259 ~1430 
HB 5.8 зо 


AC - Aircralt 
ND - Not Detected 
HB - Hearability 


-26- 


UNCLASSIFIED 


Conti 


TË vë felt that the detected wignalyre ік not the Navy #30 aircraft used in 
this test but on aircraft yine near the receiver at VHFS, The predicted 
detectability region for tus day extends at best to only dik. The РЭВ 


aireraft approaches the boy = 


я only 30 km, The period of the 
fires Doppler signature!» si 


nance occurs 5.2 minutes later xhan 


predicted closest appreact азё tre period Я the w 


ond Doppler vignature 
sign change occurs 2.8 minute» earlier than predicted closest approach, 
Тһе Doppler signatures obtained shown in Figures 7 and 8 were of the 
proper frequency for an aircraft but were much stronger than could be 
expected (rom a 10 watt transmitter, Thus, duc to inconsistant timing, 
distances of aireraft from the transmitter, strength of detected signaturen, 
ard the low power of the transmitters, it is concluded that signature 
detected was not the РЭВ aircraft used in the experiment but rather another 


plane flying over the receiving antenna. 


Events 2 and 3. 


Events Land 3 on January 27, 1970 involved an aircraft (РЭВ) 
climbing to an initial altitude of 24, 000 fcet and spiralling down to 2000 feet 
while holding a precise test pattern and maintaining ground apee: vetween 
100-300 knots. “She aircraft flew the pattern described by Figure 10, 
Initially approaching the Carter Cay area on its way from CP C3 10 CP CË. 
the aircraft proceeded to Hy me pattern СВ to C7 to Có to Carter Cay 10 

D4 to DS to Carter Cay to CS and repeating for altitudes of 24, 000, 14,000, 
12,000 and 2000 feet. The transmitters were again located on Carter Сау, 


+ The frequencies monitored by the receiver at Vint Hill Parme Station were 


10. 167 and 15.598 MHz. Detection was made at 1712Z on 10.167 MHz and 
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at 15. 595 MHz 


e Jit is. 


shown on Figure $. The propagation conditions jor 


these events 


re summarized below: 


Table 9. (U) 
Event 2 and 3 Summary 


Frequency Cartier 
MHzl Level (dbw) 

10, 167 -112 

15. $95 NA 


The signatures detected on this event represent the scattered and doppler 


shifted energy from the target aircraft during the time of close approach to 
Carter Сау. However, accurate doppler predictions have not yet been 
made due to the inexact knowledge of the flight path and the fact that the 
detections appear to be made during the end of the turning maneuver over 
Carter, Tha present doppler modelling for aircraft is being modified to 
handle out of plane maneuvers and from this improved model, accurate 
doppler matches will be possible. 


We observe from Figure 10 that the detections for both passes on 
Carter were slightly late with respect to the time that the aircraft indic: 
u was directly over the transmitter, There is а good possibility that the 


aircraft few exactly over the transmitting antenna and thus wat in the 
vertical pattern antenna null. Being In the null of the antenna explains the 
loss of signature for times over the transmitter, The signatures are 


detected at. the completions of the turning r-aneuvers over Carter Cay. 

7 Signatures for both detected passes of the aircraft are almost identical 
їп both timing and frequency. Thus, the frequency excursion, time 
corvelaston, nearness of the aircraft to the transmitter, radiated power from 


the Carter Cay transmitters, and the weak signature strength make the 
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4.2 == Continued. шкы ОО 


D of the signature a» ibe larget PID sirersit The сот Lorle is 


that aircraft below 2K feet and within the predicted detectability regions can 
be detected using this buoy concept if sufficient power із transmit-ed (3 kw 


in this сазе). 5 


4.3 (U) Event 4. 


Event 4 wi 


hearability teat, performed on 5 February at 1600 


and 1000 heurs local, measuring the propagation charac! rist'es from Carter 
Guy transmitters to the Vint Hill Farms Station receiver. The purpose of 
the hearability teat waa to determine how accurately present prediction 
techniques correlate with measured values and to estimate the hop structures 
for various frequencies. Tests ware performed for two frequencies 10.167 
and 20.250 MHz and at two times during the day. И was found that for an 
assumed IE hop structure st 10, 167 MHz and an assumed Ir hop structure 
at 20,250 MHz good agreement between predicted anë observed carrier 
levels was obtained, However, the noise predictions were consistently 
lower than measured values av shown in Table 10. The difference between 
the predicted and observed noise levels is typically due to vo-channel 
interference which in significantly higher than atmospheric noise. 


Table 10 (U) 
Comparison of Predicted and Observed Carrier and Noisa Levels (U) 


Assumed fra Power Carrier (dbw) Noise |45) 
Hop Structure Pred. Ob e 


Feb 16001 
Feb 10801, 
Feb 1600L 
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4.4. D Event 5. 


Event 5 was alto å hearabilit; test, performed еп 16 Feb. at 1430 
local time, with the same geometry and purpose as Event 4. Tests were 
performed for 5.8 and 9.259 MHz. As shown in Table 11, best correlation 
between measured and observed carrier levels was obtained for an assumed 
2F hop structure at 5.8 MHz and an assumed 1E hop structure at 9.259 MHz. 
Ar in Event 4, the noise predictions were consistantly lower than mearured 
Values, The conclusions from Events 4 and 5 is that JE, LF and 2F appear 
to be the dominate hop structures for 10, 20, E МНЕ г 


pectively. It is 
also сова uded from this limited data base tha: the propagation prediction 
$s fairly accurate for predicting the received carrier levels, but due to high 
co-channel interference consistently predicts lower noise levels than are 


measured, 


Table 11. 
Comparison of Predicted and Observed Carrier and Nolae Levels (U) 


Frequency Assumed Transmitter Carrier (dbw) Noise (dbw) 


Date/Time (MHz) Hop Power Pred, Obs, Pred. Оһ. 

Feb. 1430, 5.8 E 75 “128.2 «110 -160.3 -160 

Feb, 14301. 2ғ 75 124.6 110 162.3 -160 

Feb. 14301, 9,259 1Е 78 - 93.2 75 «162.8 137 

Feb. 14301, 27 75 104 = 95 2162.6 139 
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Section 5. 


SHED 


The operations covered to date include both controlled aircraft teste 


00 SUMMARY (U) 


and hearability tests, The remainder of the operations have not been 
analyzed because all dat 


л the events including flight patha and tranr ter 
power have not yet been collected at Sylvania for analysis. The most 
significant conclusion in from Event 2 which seems to demanstrate that 


the buoy transmitter concept works (with sufficient transmitter power). 


The predictions of cartier levels made for the hearsbility testa on 
$ February and 10 February seem to align rather well with measured 


values. Predictions of noise level іе not ae succi 


ul, being consistently 


weaker than measured values. This is probably dur to local interference and 
the assumption that the receiving site at VHFS (s a "rural" man-made radio 
moise ar 


Identification of the receiver site ав 


uburben" area із 
probably more accurate. This would raise the predicted noise level by 


approximately 20 db thus making it align with measured values much more 
closely. 
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